The face of Mars Mariner 9 by Steinbacker, R.
U
0
'z
~
m
ro04J
IQ
 
~
U)
-
a
;O>I2* :-
I~
C
D
 
QI2
=
3 
¢
O
r-
ry?ry~
~U>:
LU ZU
I 
w
n
 
E
,,
a? 
a?
-IZ
c
*0 
0 
1e
.C
:Z
 
Ia
p
A
IL
0=
o
O
 
o
Y
 
E
o0
=
 
0
C13 
0
g 
V
'
-
 
0
0o
o
o
 
0oe,
I10^2 C14
oC 
-
-
cd 
7
U
34 
~
u
Q) 
:
ao 
cg
tg4
07NZ
IP:rCa
https://ntrs.nasa.gov/search.jsp?R=19720023180 2020-03-11T19:32:33+00:00Z
. . . man's past in space is but a 
prologue in his insatiable 
search for knowledge of 
his environment." 
W. H. Pickering 
Pasadena Star News, January 1, 1972 
Sketch showing the comparison in size of the Martian volcanic mountain. Nix Olympica, with California. 
ir» -troduics -tiora 
This document provides a brief 
summary of salient science results 
obtained from the Mariner 9 mission 
through early June 1972. Mariner 9, the 
fourth U.S.A. spacecraft to make the 
journey to Mars and the first to orbit the 
planet, represents the latest in the evolving 
family of Mariner spacecraft. 
The previous missions to Mars, made in 
1965 and 1969 by Mariners 4, 6, and 7, 
were flyby missions and provided only a 
brief glimpse of the planet. Although their 
views of Mars were more limited, the 
missions were invaluable because they 
supplied man with the first close look at 
Mars and formed the basis for the 
Mariner 9 technology. In turn, the data 
from Mariner 9 will provide information 
and technological experience from which 
the Viking 1975 Project will benefit. 
Therefore, the success of Mariner 9 will 
also be reflected in the Viking orbiter 
spacecraft, which will transport the Viking 
instrumented capsules to Mars for their 
landing on the planet's surface in 1976. 
Details ( 
this doc; 
studied ( 
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Preliminary airbrushed rendition of 
a Mercator projection map pro-
duced by the U.S. Geological Survey 
using Mariner 9 television pictures. 
The map shows the topography 
of Mars from 65° south to 65° 
north latitude. The region north of 
40° latitude was cloud covered at 
the time the pictures were taken. 
The southern hemisphere, exclusive 
of the polar region, is Moonlike, 
exhibiting many impact craters and 
two large mare-basin type features. 
The western half of the northern 
hemisphere shows few impact cra-
ters. It is assumed that the original 
impact features have been 
destroyed through the formation of 
geologic structures similar to those 
found on Earth (for example, the 
large shield volcano mounds and 
large canyon). To a lesser extent, 
this is also the case in the eastern 
part of the northern hemisphere. 
Specific features of areas located on 
this map are discussed in this book-
let of Mariner 9 science results. 
•/••' 
Figure 1. Picture sequence, taken by Earth-based 
telescope, showing the region of the dust storm before 
(A-C) and after (D-Q) its outbreak. The pictures were 
taken using infrared, red, and green filters. (Photographs 
are by courtesy of New Mexico State University.) 
On September 22, observers on Earth 
recorded a yellow cloud in the mid-southern 
latitudes of Mars. The cloud spread rapidly over 
the rest of the planet (see Figure 1), and in 
about 2 weeks even the south polar cap had 
disappeared from view of the telescopes. By the 
fifth week, the dust storm had reached its peak, 
far exceeding all previously observed storms in 
intensity. Figure 2 shows the planet as it looked 
on October 20, 21, and 22, about 3 weeks 
before insertion of Mariner 9 into orbit around 
Mars. 
Three pre-orbital science sequences were 
taken as the spacecraft approached Mars. These 
picture sequences gave total global coverage of 
the dust-covered planet, on which only five 
distinct features were visible: the south polar 
cap and four dark spots. These features are 
shown in Figure 3. The small south polar cap is 
visible at the bottom of the planet's disk in 
Figure 3a. Some high-resolution pictures (taken 
by the narrow-angle tev:vision camera) of the 
south polar cap ai^ , shown in Figure 4. 
Although the surface detail could not be seen 
Figure 2. Picture sequence, taken by Earth-based telescope, showing the dust storm as it 
looked on October 20, 21, and 22. The pictures were taken using infrared, red, green, 
blue, and violet filters. (Photographs are by courtesy of New Mexico State University.) 
• 
Figure 3. (a) Pre-orbital science picture showing the four dark spots: Nix Olympica (A), North (B), Middle (C), and South (D). (b) Computer-processed mosaic of 
the four spots showing atmospheric streaks running 1000 kilometers (620 miles) south of South Spot, (c) Computer-processed picture of South Spot taken on 
November 25. 
Figure 4. Details of the south polar cap. Various patterns in the subliming frost cap are recorded in the five small frames. Their locations are marked in the large picture. 
because of the atmospheric dust, the residual 
cap area appeared smooth. In contrast to the 
1969 Mariner 7 pictures, Mariner 9 showed the 
dark markings between the parts of the white 
residual cap as light features (see Figure 5). One 
of the four dark spots was subsequently iden-
tified as Nix Olympica (Snows of Olympus). In 
early Mariner 9 orbital pictures, this region 
showed a dark mountain standing above the 
Martian dust storm. The other three spots were 
provisionally labeled North, Middle, and South 
Spots. All four spots are shown in Figure 6. 
Nix Olympica and North Spot each contain 
intersecting craters whose floors lie at different 
elevations. The craters are rimless or very low 
rimmed; sharp edges are strikingly absent. All 
four dark spots have been determined to be 
volcanic in origin, but South Spot, which is 
about 125 kilometers (75 miles) across, is the 
largest volcanic caldera ever observed. 
After orbit insertion, the south polar cap 
became a prime target because it could be 
viewed by the ultraviolet spectrometer, infrared 
interferometer spectrometer, and the infrared 
radiometer. Three high-resolution pictures of 
the south polar cap, taken by Mariner 9 on 
November 19, 28, and December 1, are shown 
in Figure 7. The same local area is viewed in 
each case, and is indicated by a dark arrow on 
the accompanying low-resolution view (taken 
by the wide-angle television camera). The loca-
tion of the south pole of Mars and the direction 
of the prime meridian are shown in white. In 
the high-resolution pictures, the maximum 
dimension corresponds to about 100 kilometers 
(62 miles) on the Martian surface. The low-
resolution view is presented at ten times greater 
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Figure 5. (a) Mariner 9 and (b) Mariner 7 views of the south polar 
cap showing correlation of dark markings in the Mariner 9 view of 
the cap with light markings in the Mariner 7 view. 
(a) 
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Figure 6. (aJ Crater complex of Nix Olympic 
(c) South Spot crater, (dj Middle Spot. 
(b) 
^y Crater complex of North Spot. 
Figure 7. Views of the south polar cap. 
scale. Mariner 9 pictures displaying the gradual 
disappearance of the residual polar cap are 
shown in Figure 8. The south pole is located 
just off the residual cap area (about the center 
of the cap and just above the cap in the 
November 18 picture). Investigations have 
shown that the areas are smooth, and the lines 
are terraces, or changes in elevation, between 
the smooth, terraced terrain. The entire cap in 
the November 18 pictures covers about a 10° 
arc on the Martian surface. (This was reduced 
to about an 8° arc by December 24.) 
Mariner 9 obtained the first close-up views 
of the Martian satellites, Phobos and Deimos. 
Both satellites are heavily cratered, indicating a 
probable age of several billion years. They are 
two of the darkest objects in our solar system 
ever to be photographed. Phobos has an albedo 
(reflective power) of about 5 percent, and 
Deimos about 6 percent. 
Phobos the closer satellite, is about 25 kilo-
meters (16 miles) long and about 21 kilo-
meters (12 miles) wide. An especially striking 
feature is the 5.3-kilometer (3.3-mile) crater 
near the bottom (south pole) in Figure 9a and 
near the center in Figure 9b. The impact that 
produced the crater is close to the largest 
impact Phobos could have sustained without 
fracture and disruption. Many of the irregular 
edges on Phobos may have been produced by 
the breaking off of pieces on impact. Deimos, 
the farther satellite, is about 13-1/2 kilometers 
(8-1/2 miles) long and about 12 kilometers 
(7-1/2 miles) wide. Two clear crater-like depres-
sions, each about 1-1/2 kilometers (1 mile) 
across, are apparent in Figure 10 near the 
terminator (region of shading that separates the 
day from the night side of the satellite). The 
deep cleft at the bottom is probably a valley 
about \Yt kilometers deep. 
NOVEMBER 18 
10 
DECEMBER 13 
Figure 8. Four early views of the south polar cap taken over a 36-day period. 
Figure 10. Computer-processed picture of 
Deimos obtained at a distance of 
8830 kilometers (5487 miles). 
Figure 9. Computer-processed pictures of Phobos. (a) View obtained at a distance 
of 14,440 kilometers (8973 miles), (b) View obtained at a distance of 5550 kilo-
meters (3449 miles). 
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mulations of ground ice or may be deflated 
hollows developed by wind action in loosely 
consolidated material. A complex pattern of 
delicate swirls and blotches, which cloak the 
south polar region, is shown in Figure 22. The 
area covered in the picture is about 80 by 
100 kilometers (50 by 62 miles) and is located 
at about 80° south latitude. 
The first clear view of rilles (cracks) in the 
Martian crust was obtained on January 7 in 
Mare Sirenum (see Figure 23). These structures 
are part of a system of parallel fissures extend-
ing more than 1800 kilometers (1100 miles) 
along the surface. Lunar rilles have been inter-
preted as tensional features produced by 
stretching of the upper rock layers. The same 
origin seems probable for the Martian rilles. 
The Martian canyonlands, part of a 
120,000-square-kilometer (46,300-square-mile) 
complex in Noctis Lacus on the northern edge 
of the Solis Lacus region, also were photo-
graphed by Mariner 9. The canyons, about 10 
to 20 kilometers (6 to 12 miles) wide, have 
smooth floors and are separated from one 
another by flat-surfaced plateaus. The Martian 
canyons may be as deep as 6 kilometers 
(4 miles), and the walls slope 10 to 15 degrees. 
Their overall dimensions are similar to those of 
the Grand Canyon in Arizona. The linear 
segments of the canyon walls are roughly 
parallel to one another. Observations suggest 
that the canyons are of structural origin, but 
the intricate fluting of the walls indicates 
erosional modification. An intricate network of 
canyons is shown in Figure 24. The picture, 
which covers an area 542 kilometers wide by 
426 kilometers high (336 by 264 miles), shows 
evidence of the erosion processes. 
The clearer atmosphere revealed Nix 
Olympica as a mountain 500 kilometers 
(310 miles) wide at the base (see Figure 25). 
Steep cliffs drop off from the mountain flanks 
to a surrounding great plain. The main crater at 
the summit, a complex multiple volcanic vent, 
is 65 kilometers (40 miles) wide. The mountain 
is more than twice as broad as the most massive 
volcanic pile on Earth. The mountain that 
forms the Hawaiian Islands is 225 kilometers 
(140 miles) across and rises 9 kilometers 
(6 miles) from the floor of the Pacific to the 
summit crater, Mauna Loa. 
Figure 22. Picture showing complex pattern of swirls and blotches. Dark splotches 
at lower left, right center, and bottom center are on the floors of surface 
depressions. 
Figure 23. Rilles in the Martian crust. The widest rille, at upper left, is about 1-1/2 
kilometers (1 mile) across and contains a more shallow rille in its floor. The 
diagonal rille across the center of the picture is about 40 kilometers (25 miles) long. 
Figure 25. Computer-processed picture of Nix Olympica photographed by 
Mariner 9 in late January 1972. 
Figure 24. Network of Martian canyons. 
• N H N . \ 
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Toward the end of the mapping mission, 
features of special interest were studied such as 
the braided channel sweeping past a crater 
19 kilometers (12 miles) wide (see Figure 26). 
This channel suggests the former presence of 
fluid erosion of the Martian surface. However, 
the meandering "river" (see Figure 27), though 
not unique on the Martian surface, is the most 
convincing evidence that a fluid once flowed 
along the surface, draining an extended area 
and eroding a deep channel. Landforms are 
being studied in detail to determine whether 
water or some other fluid system was the active 
agent. Light and dark streaks, which usually 
originate at small topographic features such as 
craters and bumps, were observed over widely 
separated regions of the Martian surface (see 
Figure 28). Elongated patches of similar albedo 
are roughly parallel within a region, suggesting 
that their formation is related to erosion and/or 
deposition by Martian winds. 
With the dust subsiding, the ultraviolet 
spectrometer was able to penetrate to the 
surface. Using the physical process called 
Rayleigh scattering, the topography of Mars 
was examined, providing a third dimension of 
information (height) to the television pictures. 
Comparison of pressure measurements made by 
the ultraviolet spectrometer with a mosaic of 
two pictures of the Tithonius Lacus region on 
Mars revealed a vast canyon four times as deep 
as Earth's Grand Canyon (see Figure 29). The 
Martian canyon is estimated from ultraviolet 
spectrometer data to be 6 kilometers 
(19,700 feet, or about 3-3/4 miles) deep and 
120 kilometers (75 miles) wide. (Earth's Grand 
Canyon is 1.7 kilometers (5500 feet) deep and 
21 kilometers (13 miles) wide. The vast chasms 
and branching canyons represent landform evo-
lution apparently unique to Mars. Subsidence 
along lines of weakness in the crust and 
sculpturing by winds are believed to have 
formed the features. 
Figure 26. Two-picture mosaic showing braided channel sweeping past a 
crater. Both pictures were taken from an average range of about 
1800 kilometers (1116 miles). 
Figure 27. This meandering "river", about 575 kilometers (355 miles) long 
and 5 to 6 kilometers (3 to 3-1/2 miles) wide, resembles a giant version of an 
Earth "arroyo" . .. a watercut gully found frequently in the mountainous 
southwestern United States. The feature extends from 38° to 45° west 
longitude and 27° to 30° south latitude. 
IS
3 
IN
J 
Figure 30. Clouds of a type not 
uncommon on Earth on the lee side 
of mountains. The only surface 
detail visible here is a frost-rimmed 
crater about 90 kilometers 
(56 miles) wide. The flow of air 
over the crater rims produces wave 
clouds that propagate for several 
hundred kilometers. 
Spectra from the ultraviolet spectrometer 
showed that the atmosphere is composed pri-
marily of carbon dioxide with small amounts of 
carbon monoxide, oxygen, and a few other 
minor constituents that result from the photo-
chemistry of a carbon dioxide atmosphere with 
a small amount of water. 
Measurements performed in the upper atmo-
sphere of Mars (above 100 kilometers) show the 
presence of atomic hydrogen, atomic oxygen, 
and carbon monoxide as the neutral species; the 
ionosphere contains ionized carbon dioxide, 
carbon monoxide, and ionized molecular 
oxygen. The amount of ionization is variable 
with location and time above the planet and 
may depend upon the Sun's radiation input to 
the upper atmosphere of Mars. The atomic 
hydrogen signal observed by the ultraviolet 
spectrometer also varies with time and location. 
Correlation of the Mars atomic hydrogen 
Lyman alpha signal (1216 angstroms) with 
observations of the influence of the Sun on the 
Earth's atmosphere shows that the atmosphere 
of Mars is responding primarily to solar photon 
radiation rather than the solar wind. This is 
:: \J?z:. — 
•'if- '•' : f e 
• w: 
f 
V 
trt 
• * 
Figure 31. Thick wave clouds viewed by Mariner 9. (a) Wave formation in the twilight lighting, (b) The same feature 
observed the next day as a silhouette on the limb of the planet. 
24 
determined by observing the time lag between 
the response of Earth's atmosphere to the 
variable solar flux when compared with the 
Martian atmosphere. 
The loss of atomic hydrogen from the planet 
also was measured by the ultraviolet spectrom-
eter. If the source of the hydrogen were from 
water, the loss would be equivalent to 2-1 /2 
centimeters (1 inch) of rain over an area about 
9-1/2 meters (30 feet) wide and about 1-1/2 kil-
ometers (1 mile) long, or about 100,000 gallons 
of water per day. This is not as alarming as it 
seems; this quantity of water could have been 
lost from Mars each day since the planet was 
first created and still would represent less than 
1 percent of its total available water. 
One of the observations made by Mariner 7 
in 1969 was that there appeared to be ozone on 
or above the south polar cap. However, no 
confirmation of the presence of ozone was 
observed by Mariner 9. After December 30, 
when observations of the north polar region 
were possible (above 40° north latitude), the 
absorption spectrum of ozone was observed 
everywhere in the north polar hood. During this 
same time period, observations of the south 
polar area continued to show no presence of 
ozone until the change of the Martian season. 
With the southern hemisphere entering the 
Martian fall in March 1972, the ultraviolet 
spectrometer observed an increase in reflected 
0.03 
0.05 
10.0 
n 1 1 1 r n 1 1 1 1 r 
REVOLUTION 5 
(-38,283) 
REVOLUTION 114 
(-16,308) 
200 210 220 230 240 250 
TEMPERATURE, °K 
Figure 32. Atmospheric changes observed on 3 successive days. The circle in the 
February 12 picture indicates the location of the crater visible in the February 13 and 14 
pictures and shows the apparent perturbations emphasized by the cloud pattern. 
Figure 33. Representative Martian atmospheric temperature profiles, 
going from isothermal to almost adiabatic. Profiles were obtained 
from infrared interferometer spectrometer data on November 16, 
December 14, and January 9. 
light near the south polar cap. This has been 
interpreted as the onset of a south polar haze. 
Associated with this haze was the presence of 
the ozone absorption spectrum. With the 
approach of winter in the southern hemisphere, 
the ozone concentration in the south has 
continued to increase. 
An unanticipated "bonus" derived from the 
mission was the observation of young stars in 
the ultraviolet portion of the spectrum. Mea-
surements of these stars cannot be made from 
Earth because the Earth's atmosphere absorbs 
the ultraviolet part of the spectrum. The 
observations will supply information about the 
evolution of these stars . . . whether or not they 
have gas clouds about them, and whether they 
are in regions of space in which large amounts 
of galactic dust exist. 
Throughout the Mariner 9 mission, Mars has 
been experiencing winter in its northern hemi-
sphere. During this season, latitudes above about 
45° north have been blanketed by clouds such 
as shown in Figure 30. A patch of thick clouds 
observed at 54.8° north latitude is shown in 
Figure 31a; these same clouds were viewed the 
next day silhouetted on the limb of the planet 
(Figure 31b). Pictures of the same region show-
ing atmospheric changes on successive days are 
shown in Figure 32. Data from the infrared 
instruments indicate that the cloud deck is con-
sistent with that of condensed carbon dioxide. 25 
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Figure 36. Topographic map of Tharsis region. The Amazonis- Tharsis region includes the 
Nodus Gordii volcano, which rises 14 kilometers (9 miles) above the 6.1-millibar level. All 
contours shown are in kilometers. 
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WEST LONGITUDE 
observations will help to increase our under-
standing of Martian geology. 
The infrared interferometer spectrometer 
has provided information that negates the 
recent concept of Mars as a "dead planet". The 
atmosphere is active and the planet has been 
differentiated. 
After the dust cleared and the surface could 
be seen, the infrared radiometer data showed 
that the temperatures correlate more closely 
with those predicted from 1969 data. There are 
some deviations due to albedo and some 
differences in thermal characteristics. Some 
areas do not cool at night as much as predicted 
and are about 195°K (-109°F) instead of 
180°K (-136°F). The surface is proving to be 
nonhomogeneous. South Spot, as viewed by 
the infrared radiometer, is shown in Figure 37. 
Because the celestial mechanics and S-band 
occultation experiments use radio tracking 
signals to acquire data rather than a specific 
instrument, their activities were not hampered 
Figure 37. Infrared radiometer's view of South Spot. The line through the 
picture of South Spot indicates the instrument's view. The plot above shows 
the temperature measurements obtained from the data; relative altitude can 
be inferred from the temperature and the Sun angle. 
MARS COORDINATES 
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by the atmospheric dust. Values for some of 
the basic constants for Mars such as mass, 
oblateness, and orientation of the pole were 
confirmed and improved by the celestial 
mechanics experiment. However, their primary 
findings apply to the gravity field. 
If Mars were a spherical, smooth shape, and 
if it were composed of uniform-density material 
(or even various-density material that had the 
same density as other material at the same 
distance from the center of the sphere), the 
gravitational pull of Mars would be uniform. 
For various reasons, no bodies in our solar 
system have smooth or uniform gravity fields. 
A gravity map of part of Mars is shown in 
Figure 38. The northern hemisphere is omitted 
because the spacecraft passed in back of Mars 
and thus could not be observed when it was 
over the northern hemisphere during the early 
part of the mission. Figure 39 shows the 
Mariner 9 gravity profile compared with the 
actual surface topography measured by Earth-
based radar along a section at about 15° south 
latitude. The Mariner 9 profile is from data 
obtained between November 16 and 
December 4, 1971. Radar is from Goldstone 
and Haystack data obtained during the summer 
of 1971. The two profiles agree well, suggesting 
that the geologic mechanisms leading to relief 
of gravitational stresses are not dominant on 
Mars. 
Because Mariner's orbital path no longer 
carried the spacecraft in back of the planet, as 
180* 
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viewed from Earth, there were no S-band 
occultations from the end of December 1971 to 
the beginning of May 1972. However, more 
than 150 entry and exit occultation points were 
measured during the 90-day standard mission 
(see Figure 40). May and June provided a 
second set of occultation data; a third set of 
occultation points will start in September 1972. 
The surface pressures in the near-equatorial 
and middle-latitude regions range from a high 
of 8.9 millibars in Hellas to a low of 
2.8 millibars in the Claritas and Tharsis areas, 
with an average pressure of 4.95 millibars. The 
pressures derived from measurements at 65 
north latitude range from 7.2 to 10.3 millibars, 
with an average of 8.9 millibars. 
Pressure altitudes derived from the S-band 
occultation experiment, referred to a pressure 
level of 6.1 millibars, range in the equatorial 
regions from a low of -4.4 kilometers 
(-14,436 feet) in Hellas to a high of 
9.6 kilometers (31,500 feet) in Claritas, with a 
_L _J_ _L 
180 160 120 80 40 0 320 280 240 200 180 
WEST LONGITUDE, deg 
Figure 40. Mariner 9 gravity profile compared with the surface topography 
measured by Earth-based radar at 15° south latitude. 
Figure 39. Locations on Martian surface of entry and exit occultation points. Revolution numbers are indicated next to locations; those above revolution 79 are a 
second-set of occultation points that occurred in May and June of 1972. 
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To illustrate the impressive size of the canyonlands of Mars, they are shown here with an outline of the continental 
United States. The photomosaic was made from Mariner 9 pictures obtained oyer several weeks of photographic mapping 
of the surface. The area covered is located between 30° south latitude and 18° to 140° west longitude. 
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